would be driven by the very high stability of the tris-hydroxamate complexes, FeL 3 , in solution and that formation of surface complexes would be unfavourable.
As part of a wider programme to develop ligands to ''engineer'' the properties of metal oxide surfaces we have considered the development of ''co-collectors'' which would operate in froth flotation processes for sulfide ores to enhance the recovery of ores that have undergone oxidation and present surfaces with significant areas of iron(III) oxides. 10 In order to identify candidate co-collectors, we assumed that they should have ligating groups with a high affinity for iron(III) oxides, and a screening programme was set up using adsorption isotherm measurementsz to monitor binding strengths to high surface area goethite. The uptake of benzohydroxamic acid from methanol-water ( Fig. 1) was followed by the reduction of intensity of the band at 224 nm in its electronic spectrum. As no iron could be detected in the supernatant solutions by ICP-OES analysis, we can be confident that the steep slope of the isotherm is not a consequence of the removal of the free ligand to form iron(III) complexes in solution. The binding constant derived from the isotherm shows that benzohydroxamic acid (L 1 H) binds more strongly to the surface of goethite than Irgacor 419 s , 3-(4-methylbenzoyl)propionic acid, a waterborne corrosion inhibitor for mild steel. The efficacy of the latter has been ascribed to its ability to show ''multisite attachment'' to iron(III) oxides, models for which are provided by X-ray crystal structures of polynuclear complexes such as [Fe 11 O 6 
There are no comparable structures of polynuclear iron(III) complexes of hydroxamic acids recorded in the CSD, although it has been shown that a deprotonated form of the NOH group can form bridged copper and manganese complexes. 12 Our initial attempts to prepare Fe III complexes of 2 ) was observed in modelling the uptake of the commercial corrosion inhibitor L 2 H on goethite for which a different surface binding motif is proposed. 16 In both cases this most probably arises because only ca. 18% of the (110) type binding sites are accessible in the goethite used in the isotherm determination. There are no significant intermolecular contacts between benzohydroxamate ligands in adjacent sites in the model shown in Fig. 3 . However, if an N-methyl substituent is introduced, as in L 3 H, this is would be expected to lead to steric interactions between ligands. The isotherm for this ligand showed both weaker binding and reduced surface coverage. Replacing the hydroxyl group in L 1 H with a methoxy group (L 4 H) will prevent the formation of hydroxamato bridges between Fe III atoms and, as expected, no uptake of L 4 H onto goethite was detected. Despite the well defined propensity to form very stable mononuclear iron(III) complexes, it is clear that simple hydroxamic acids can also bind sufficiently strongly to the surfaces of iron(III) oxides that dissolution of iron to tris-hydroximato complexes is not the favoured reaction. This observation has relevance to the modes of action of hydroxamate-containing siderophores in their role of scavenging for iron from solid materials and also for the stabilisation of colloidal iron(III) oxyhydroxides. It is also possible that the efficacy of benzohydroxamic acid as a collector in flotation processes could depend on the formation of very stable complexes with oxidized pyrite on the surface of sulfide minerals.
We thank the EPSRC and Rio Tinto and Infineum for CASE studentships, EaStCHEM for funding and Dr D. Nagaraj (Cytec Industries) and Drs Chris Cross and Lucy Esdaile (Rio Tinto) for very helpful discussions. ) goethite in polycarbonate centrifuge tubes. The suspensions were stirred for 2 h at 25 1C and then centrifuged. Aliquots of the supernatant solutions were filtered through glass microfibre filter paper, which was then washed (3 Â 0. 
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